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Objective: In an effort to explore alternatives to contrast material–enhanced arteriography, we compared magnetic
resonance angiography (MRA) and duplex arteriography (DA) with contrast arteriography (CA) for defining anatomic
features in patients undergoing lower extremity revascularization.
Methods: From August 1, 2001, to August 1, 2002, 61 consecutive inpatients (64 limbs) with chronic lower extremity
ischemia underwent CA, MRA, and DA before undergoing lower extremity revascularization procedures. The reports of
these tests and images were compared prospectively, and the differences in the iliac, femoropopliteal, and infrapopliteal
segments were noted. The vessels were classified as mildly diseased (<50%), moderately diseased (50%-70%), severely
diseased (71%-99%), or occluded. The studies and treatment plans based on these data were compared.
Results: Mean patient age was 76 10 years (SD). Indications for the procedures included gangrene (43%), ischemic ulcer
(28%), rest pain (19%), severe claudication (9%), and failing bypass (1%). During this period 35 patients were ineligible
for the protocol, because they could not undergo MRA (n  27) or angiography (n  8). Of the total 192 segments in
the 64 patients (iliac, femoropopliteal, tibial), 17% were not able to be fully assessed with DA, and 7% with MRA.
Disagreements with CA and DA were found in the iliac, femoropopliteal, and tibial segments in 0%, 7%, and 14% of cases,
respectively, and between CA and MRA in 10%, 26%, and 42% of cases, respectively. Two of 9 differences (22%) between
DA and CA were thought to be clinically significant, and 28 of 45 differences (62%) between MRA and CA were thought
to be clinically significant.
Conclusions: A review of the data obtained in this series indicates that MRA does not yet seem to yield adequate data, at
least in this highly selected population at our institution. When severe calcification is identified, CA may be necessary in
patients undergoing DA. (J Vasc Surg 2004;39:717-22.)Currently, more and more minimally invasive tech-
niques are being explored in all fields of medicine. Advance-
ments in robotic surgery, laparoscopic surgery, and percu-
taneous interventions have been pushed forward by both
technology and patient demand for less invasive methods of
treatment. Yet, in vascular surgery, contrast material–
enhanced arteriography has remained the standard for eval-
uation of the lower extremity arterial tree, and its basic
principle, techniques, and complications have remained
largely unchanged since 1953, with Seldinger’s paper.1 As a
challenge to this widely held standard, two less invasive
imaging technologies have been explored in the literature,
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doi:10.1016/j.jvs.2003.12.035that is, magnetic resonance angiography (MRA) and du-
plex arteriography (DA).
In and effort to explore these alternatives, we compared
MRA and DA with contrast arteriography (CA) for defin-
ing anatomic features in patients undergoing lower extrem-
ity revascularization.
METHODS
From August 1, 2001, to August 1, 2002, 61 consec-
utive inpatients (64 procedures) with chronic lower ex-
tremity ischemia underwent CA, MRA, and DA before
undergoing lower extremity revascularization procedures.
Patients were excluded from the protocol if their serum
creatinine concentration was greater than 2.0 after hydra-
tion (n  8). Patients with acute ischemia (n  5) or who
underwent outpatient preoperative evaluation only were
excluded, because magnetic resonance was not readily
available to outpatients (n  161) at our institution owing
to overwhelming inpatient demand. Since the magnetic
resonance imaging machine was in very high demand, it
could take as long as 3 to 7 days to obtain an MRA for
inpatients; for outpatients the wait was 1 to 3 weeks.
Inasmuch as patients with acute ischemia could not wait
this long, they were excluded from the protocol.717
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ings were collected prospectively and compared with the
results of CA. The reports and examinations were analyzed
by a vascular surgeon who was blinded to the identity of the
patients, but was aware of the clinical information for each
patient. Differences in three segments (aortoiliac, femoro-
popliteal, infrapopliteal) were noted. The vessels were clas-
sified as having mild disease (50%), moderate disease
(50%-70%), severe disease (70%-99%), or occluded, with
CA, MRA, or DA. These studies and the treatment plans
based on these data were compared.
Duplex ultrasonography. Vascular ultrasound scan-
ning was performed with either an ATL HDI 3000 or ATL
HDI 5000 duplex scanner, by two registered vascular tech-
nologists. The arterial segments starting from the mid-
abdominal aorta to the pedal arteries were studied in cross-
sectional and longitudinal planes, with a variety of scanning
heads of 7-4, 10-5, 12-5, 15-2, 5-2, and 3-2 MHz ex-
tended operative frequency range, to obtain high-quality
B-mode, color, and power Doppler scans and velocity
spectra. All of these techniques were used to estimate the
degree of stenosis, and any discrepancies were communi-
cated to the operating surgeon. In general, however, color
and power Doppler scanning were used primarily, and
B-mode and velocity spectra were used to supplement these
data, especially in the presence of long or multiple lesions.
The arteries were classified as normal or mildly diseased
(50%), significantly stenosed (50%), occluded, or not
visualized. Peak systolic velocity ratios 2 and 3, or greater,
as compared with the adjacent vessel, were used to define
hemodynamically significant stenoses of 50% and 70%, or
greater, respectively.2-6 A more precise evaluation of arte-
rial size, length and degree of narrowing, and plaque char-
acteristics was performed for lesions suitable for balloon
angioplasty or stent placement. At completion of the test, a
color-coded map of the entire arterial tree was drawn, to
help in development of a revascularization strategy.
Contrast arteriography. Standard percutaneous ret-
rograde preoperative CA with digital subtraction angiogra-
Table I. Causes of incomplete examinations
Examination Cause
No. of
patients
MRA (n  13)
Aortoiliacs segment Timing of dye bolus 1
Femoropopliteal segment Contracture 1
Knee prosthesis artifact 1
Infrageniculate segment Venous contamination 10
Movement 1
Contracture 1
DA (n  10)
Aortoiliac segment Gas interposition 7
Calcified ilac 1
Femoropopliteal segment Calcified 1
Infrageniculate segment Severe tibial calcification 18
Gangrene 1
Noncooperative patient 1
Contrast arteriography 0
MRA, Magnetic resonance angiography; DA, duplex arteriography.
phy was performed by the vascular surgery team in the
operating room, separate from the revascularization proce-
dure. An attempt was made at visualization from the distal
aorta to the pedal vessels. Percutaneous access was obtained
through a hollow-bore single-entry needle. After a metal
guide wire was placed in the external iliac artery, a 4F sheath
introducer was inserted. A 4F pigtail catheter was used,
with a power injector with full-strength iohexol (Om-
nipaque; Sanofi Winthrop Pharmaceuticals) to obtain the
angiograms, with a digital mobile fluoroscopic unit (OEC
9800; General Electric). Calipers and multiplanar views
were used selectively. Images were obtained with and with-
out digital subtraction. While fully appreciating the limita-
tions of CA in the presence of multilevel disease, pseudode-
fects, timing, lack of detail of the vessel wall, and lack of
hemodynamic information, interventions were made on
the basis of findings of CA.
MRA. MRA was performed with a 1.5 T whole-body
scanner (Magnatom Vision Plus; Siemens Medical Systems,
Iselin, NJ). Parameters for the study were repetition time of
40 msec and echo time of 1.6 msec. T1-weighted three-
dimensional gadolinium-enhanced imaging of the aor-
toiliac system to the level of the ankle was performed in a
body array coil with a flip angle of 70 degrees. Below the
ankle, two-dimensional electrocardiographic-triggered
time-of-flight MRA was performed with a combination of
the phased-array coil and the head coil, with a flip angle of
30 degrees. Maximum intensity projections and source
images were used in interpretation of the study. Our step-
ping table was not used for this set of data, because it had
not yet arrived. The timing is based on a 1-mL test bolus
during this phase. Calipers and multiplanar views were used
selectively. MRA results were interpreted by magnetic res-
onance radiologists with extensive experience, who were
not aware of the results of other lower extremity imaging
methods (Fig).
RESULTS
Mean patient age was 76 10 years (SD; range, 47-97
years). Indications for the procedures included gangrene
Table IV. Coexistent findings at MRA
Finding
No. of
patients
Groin adenopathy 1
Renal cyst 2
Retrocardiac mass 1
Endometrial lesion 2
Prostatic nodule 1
Hernia 6
Bladder diverticulum 1
Renal cell carcinoma 1
Uterine fibroid 1
Pelvic mass 1
Splenomegaly 1
Hydronephrosis or hydroureter 2
Moderate renal artery stenosis 30
MRA, Magnetic resonance angiography.
V, ne
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Volume 39, Number 4 Hingorani et al 719(43%), ischemic ulcer (28%), rest pain (19%), severe clau-
dication (9%), and failing bypass (1%). Diabetes, hyperten-
sion, and end-stage renal disease were present in 86%, 59%,
and 15% of patients, respectively. During this period 41
patients were not entered into the protocol, because they
could not undergo MRA (n  33) or CA (n  8). The
reasons for patients not being able to undergo MRA in-
cluded refusal or inability to cooperate for the examination
(n 9), pacemaker (n 10), recent surgery (n 5), acute
ischemia (n 5), severely contracted knee and hip (n 1),
claustrophobia (n  2), and morbid obesity (n  1).
Of the 192 arterial segments (iliac, femoropopliteal,
tibial) in the 64 patients, 17% were not able to be fully
assessed with DA, and 7% with MRA (Table I). In addition,
two patients underwent repeated MRA to obtain more
information. Even though there were multiple arteries in
each segment, any disagreement in any individual artery
was counted as disagreement in the entire segment. Dis-
agreements between CA and DA were found in the iliac,
femoropopliteal, and tibial segments in 0%, 7%, and 14% of
cases, respectively (Table II, online only), and between CA
and MRA in 10%, 26%, and 42% (Table III, online only).
However, since some segments could not be fully evaluated
with each technique and were excluded from further anal-
ysis, the percentage of disagreements may be underesti-
mated. Therefore, in an attempt to further characterize the
usefulness of these studies, we also calculated the data with
these nonvisualized segments included as false negatives,
fully realizing that this may overestimate the false negative
findings. Clinically significant differences between DA and
CA were found in 2 of the 9, whereas 28 of the 45
differences between MRA and CA were thought to be
clinically significant. Clinical significance was determined if
the difference would have resulted in a different procedure.
The actual procedures performed included bypass to an
infrapopliteal artery (n 19), bypass to the popliteal artery
Table V. Comparison of MRA or duplex arteriography ve
Sensitivity
(%)
Speci
(%
A. Excludes nonvisualized segments
MRA
Aortoiliac 100 8
Femoropopliteal 86 5
Tibial 61 5
Duplex scanning
Aortoiliac 100 9
Femoropopliteal 97 9
Tibial 81 10
B. Includes nonvisualized segments as false negative
MRA
Aortoiliac 33 9
Femoropopliteal 88 9
Tibial 29 10
Duplex scanning
Aortoiliac 75 8
Femoropopliteal 83 5
Tibial 32 5
MRA, Magnetic resonance angiography; PPV, positive predictive value; NP(n 23), no procedure (n 9), below-knee amputation (n
 2), percutaneous balloon angioplasty (n  6), axil-
lofemoral bypass (n  4), and ileofemoral bypass (n  1).
During the MRA protocol, various additional nonvascular
findings were encountered (Table IV). The calculated sen-
sitivity and specificity, positive and negative predictive val-
ues, and accuracy are demonstrated in Table V.
On average, the time required for DA is 30 to 60
minutes (average, 46 minutes), for MRA is 20 to 60 min-
utes, and for CA is 40 to 60 minutes. The average cost is
$300 for DA, $2100 for MRA, and $2200 for CA.
DISCUSSION
This data set represents a continuing effort by our
service to explore alternative imaging techniques. Our pre-
vious work has demonstrated the use of duplex scanning in
patients undergoing lower extremity revascularization.2-6
Along with this attempt, we have been investigating the use
of MRA as a preoperative imaging tool. Our enthusiasm has
been fueled by the excellent results published in the litera-
ture.7-19 However, our initial experience, and that reported
from other centers, suggests limitations to this technology
in its present state.20-25
MRA and CA are based on imaging the lumen of the
vessel. However, characteristics of the wall of the vessel can
also be helpful to the vascular surgeon in planning an
intervention. At times, even if the lumen is patent but the
vessel wall is severely calcified or thickened, this particular
segment of the vessel may be not the preferable area for an
intervention. Thus we have used DA to identify the softest
or thinnest portion of the vessel wall with a skin mark and to
avoid performing the anastomosis to severely calcified ves-
sels. This poses an advantage of DA over CA or MRA,
because vessel thickness and calcification are not well-
assessed with these techniques.
ontrast arteriography
PPV
(%)
NPV
(%)
Accuracy
(%)
23 100 82
82 60 74
30 79 54
67 100 96
97 94 96
100 94 95
67 85 84
97 77 90
100 59 65
23 98 81
83 53 75
30 53 43
gative predictive value.rsus c
ficity
)
1
3
1
6
4
0
6
4
0
1
3
1
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artery and popliteal disease.
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portion of our elderly patients with multiple comorbid
conditions were not able to undergo MRA. Even with
sedation, some patients refused to undergo MRA or liter-
ally jumped off the table. While no one test can be used in
all patients, these types of issues remain to be explored.
Angiographically occult vessels identified with MRA
have been noted in previous reports.26,27 While we did not
observe such vessels in this series, we have noted that DA
enables identification of vessels that have not been demon-
strated with repeated angiography at multiple institutions
before and after this data set. The long-term outcome of
these interventions is still under investigation.
We have found that MRA does not yet seem to enable
collection of adequate data for us to perform these inter-
ventions, at least in this highly selected population at our
institution. Since we have already placed more than 200
patients in various phases of this protocol over the last 3
years, and have a team of MRA radiologists trained at a
leading center for lower extremity MRA imaging, it seems
difficult to attribute these results to the early phase of a
learning curve. The most common problem we encoun-
tered with MRA was assessing the degree of disease and
patency of the distal vessel when it was patent and then used
for the distal anastomosis. Misidentification of the distal
superficial artery as the popliteal artery and identification of
moderate aortoiliac disease with a normal contrast angio-
gram and intraoperative pressure measurements were also
issues. These issues remain, despite ongoing review of these
data with the MRA radiologists. The issues of low flow or
signal dropout and venous contamination may be possible
causes of the disagreement between the studies. Con-
versely, when severe tibial artery calcification is identified,
DA may become unreliable, and CA may be necessary. This
case can be appreciated by the DA technologist, and this
information is given to the vascular team to seek alternative
imaging tools. Most of the time, the areas that cannot be
visualized well with DA are deemed to not have an effect on
the planned procedure, and the information obtained is
adequate for performance of the procedure. In this data set,
if only DA was used, we probably would have resorted to
CA in 16 patients (25%), because not enough information
was obtained with DA alone. Inasmuch as we could not
identify which segments would not be reliable with MRA
alone, the percentage that would need CA, had MRA been
the only imaging tool used, could not estimated.
The data presented here include a representation of
some patients with the most severe arterial disease at a
referral center for limb-threatening ischemia. This may be
part of the reason why the results are suboptimal. Perhaps if
more outpatients with claudication and superficial femoral
artery disease were included the results would be more
favorable. The data, however, suggest that, whereas neither
DA nor MRA may yet be able to completely replace CA at
our institution, with upcoming advancements in the tech-
niques more centers will be able to use these imaging tools
to obtain the necessary information for these complex
revascularization procedures.We thank Anne Ober for editorial assistance.
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